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Experimental Evidence

Galactic rotation curves

Dwarf galaxies Large scale structure and evolution

Cluster collisions

Cluster collisions Gas in x-rays

Cosmic background 
radiation

Baryogenesis and light element abundance

Gravitational lensing
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Properties of dark matter

Interacts gravitationally
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Properties of dark matter

Interacts gravitationally
Dark, cosmologically stable 

(other effective couplings to SM are zero or small)

Approximately Cold / non-relativistic
5x as much DM as SM5x as much DM as SM

26%
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The LHC has a variety of approaches to look for SM-DM interactions
Searches for the physics of direct WIMP pair production 
        (DM pair-produced through heavy s-channel BSM) 

Searches for long-lived particles (interaction involves light particles with very small couplings) 

Searches targeting specific full models with cascades that provide DM candidates 

- e.g. classic SUSY 
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Models of Particle Dark Matter: Complementarity
Colliders have many advantages, but 
- they cannot prove they see astrophysical DM 
- they cannot make precise quantitative statements without a model (and, for DM, we know very little) 

Focus on general-purpose searches for WIMP dark matter emphasizing complementarity

- assume dark matter has non-gravitational interactions with the SM

- focus on models with effective baryon coupling: scattering off nuclei and production in pp collisions

- signature-based searches applicable to broad classes of possible models 
- balance between model agnosticism and using models to translate astro-physical/-particle knowledge 

Require some model, to translate what we know from astrophysics and non-collider DM, 
vs. taking the model too seriously (it’s probably wrong)

CollidersIndirect Detection Direct Detection
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A Crucial Advantage of Collider Searches
LHC probes ‘high’ energy scales 
If ‘high’ is high enough, it can discovery and characterize the interactions 
     between normal and dark matter

proton-proton 
collision
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A Crucial Advantage of Collider Searches
LHC probes ‘high’ energy scales 
If ‘high’ is high enough, it can discovery and characterize the interactions 
     between normal and dark matter

proton-proton 
collision

Wikipedia/NASA Colliders 
(Contact interaction)

Colliders 
(Simplified Models)



Take-away: LHC results are highly sensitive to model



Searching for Dark Matter Production
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MET+X searches, or “mono-X”

Signals

Backgrounds

+…
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ATLAS Monojet results
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ATLAS 8 TeV Mono-jet Result: Connecting EFT limits to Non-collider WIMP Searches
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Example: one CI operator

Some lessons:

• Once the WIMP is light enough (below the scales 

of the cuts on MET and jet pT), colllider searches 
are insensitive to the WIMP mass—can continue 
the ~same limit below 1 GeV 

• The mono-jet search is insensitive to differences in 
Lorentz structure 

• These nicely complement the non-collider searches

Eur. Phys. J. C (2015) 75:299
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Dirac WIMP mediators:

t- and s-channel exchange


vector/axial-vector/scalar/pseudo-scalar (MFV)

MET+heavy flavor, W, Z, and Higgs
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13 TeV mono-jet results with simplified models
Translation from

 sim
plified m

odel to nucleon-W
IM

P cross section 
described in arX

iv:160
3.0

4156

Spin-independent

Spin-dependent

Spin-dependent Spin-dependent

http://arxiv.org/abs/arXiv:1603.04156


Take-away: mono-X searches can nicely 
complement DD sensitivity in a variety of situations

but extrapolation between the two requires a model



Searching for Dark Sector Interactions
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ATLAS Dijet Resonance Search at 13 TeV

Jet pT > 440, 50 GeV 

|y*| = |y1-y2|/2 < 0.6 
(rejects forward-peaking 
t-channel QCD processes) 

mjj > 1.1 TeV

Data-driven background fit

Most discrepant region

(p-value 0.67)

Physics Letters B 754 (2016) 302–322

Model: DM interactions 
are rare because 
resonance is heavy

Only probing above M ~ 1 TeV

 (single jet trigger thresholds)
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ATLAS Photon+Dijet and Jet + Dijet
Trigger on an ISR photon to avoid the high thresholds of the jet triggers

ATLAS-CONF-2016-070

DM interactions are rare

because coupling is tiny
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CMS PAS EXO 16 030ATLAS Jet + Highly-boosted Dijet

Collimated into single jet

DM interactions are rare

because coupling is tiny
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Data Scouting, Trigger-Level, and Real-time analysis
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ATLAS-CONF-2016-029 arXiv:1604.08907

Usual collider detector readout:   record everything for a collision              Bandwidth = Rate * Event Size  
For signals buried in huge background, reduce data size/complexity to increase rate of recorded data  
ATLAS: factor O(100x) increase in event rates

DM interactions are rare

because coupling is tiny
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ATLAS MET+X and Dijet Searches
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ATLAS MET+X and Dijet Searches: Z’–quark coupling of 0.25
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ATLAS MET+X and Dijet Searches: Z’–quark coupling of 0.25

Exclusion: 
xSD ~ M4
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ATLAS MET+X and Dijet Searches: Z’–quark coupling of 0.1



Take-away: LHC searches for dark interactions can 
be much more sensitive than searches for WIMP 

production alone



LHC Dark Matter Forum / Working Group 
(2014–)

http://lpcc.web.cern.ch/lpcc/index.php?
page=dm_wg 

The LHC Dark Matter Working Group (LHC DM WG) 
brings together theorists and experimentalists to define 
guidelines and recommendations for the benchmark 
models, interpretation, and characterisation necessary 
for broad and systematic searches for dark matter at 
the LHC. 

The LHC DM WG develops and maintains close 
connections with theorists and other experimental 
particle DM searches (e.g. Direct and Indirect 
Detection experiments) in order to help verify and 
constrain particle physics models of astrophysical 
excesses, to understand how collider searches and non-
collider experiments complement one another, and to 
help build a comprehensive understanding of viable 
dark matter models. 
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Broadening the LHC Dark Matter Search Program

arXiv:1603.04156 

arXiv:1507.00966 

http://lpcc.web.cern.ch/lpcc/index.php?page=dm_wg
http://lpcc.web.cern.ch/lpcc/index.php?page=dm_wg
http://arxiv.org/pdf/1603.04156.pdf
http://arxiv.org/pdf/1507.00966

